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Abstract. Crucial to assessing any national risk assessment infrastructure is the
development of keen insights into the funding landscape, the base skill set and expertise
levels, risk prioritisation, and stakeholder determination. This paper presents an
overview of the first of these criteria with respect to the Irish funding landscape for
nanotechnology and nano-agri-food. It examines difficulties with policy enforcement
due to a lack of clarity and varying interpretations of the EU definition of nanomaterials
and how the funding landscape could potentially facilitate the necessary infrastructure,
to underpin regulatory enforcement and risk assessment for nanotechnology in food. In
2008 an assessment of the potential risks associated with nanotechnologies was carried
out in Ireland which resulted in a number of recommendations centred around the
provision of funding. This study examines Exchequer/public investment over the last
decade to develop research infrastructure and it identifies if such investment has helped
enhance the enforcement of nano-food safety legislation in Ireland.
1. Introduction
Over the coming decades the agri-food sector will need to adapt to meet many challenges in relation to
demand, production and distribution of food [1, 2]. Nanotechnology has the potential to positively
impact and address some of these challenges. While it is recognised that applications of nanotechnology
in the agricultural sector, may offer potential benefits, there is also concern that some nanomaterials
may present unidentified hazards. A number of expert groups at National, European and International
level have issued opinions on applications of nanotechnology in the food sector [1-6]. These opinions
share common themes with respect to identifying potential safety concerns and knowledge gaps in the
use of nanomaterials and nanotechnology in the food sector. Specific concerns centre around the
toxicological, physiological, and environmental effects of nanomaterials. In particular the European
Food Safety Authority (EFSA) noted that risk assessments approaches and available methodologies pose
significant challenges in adequately identifying the potential risks of nanomaterials in food and feed [7].
As a consequence, EFSA have published scientific guidance documents for risk assessment
agencies and national competent authorities to help assist the evaluation of nanotechnology in the food
chain [2]. The European Union (EU) has also funded numerous research projects to support the risk
assessment of nanomaterials. Examples of such projects include FP7 nanoimpactnet [8], NanoDefine
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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[9] etc. many of which aim to essentially provide guidance frameworks to help standardise analytical
methodology and measurement criteria for nanomaterials. Indeed the results of some of these projects
have helped shape EU regulation governing the authorisation and regulation of nanomaterials within
different sectors. In the agri/food/feed sector some EU regulations refer specifically to nanomaterials,
providing details regarding approval procedures, safety assessment, labelling requirements and in some
cases a definition of nanomaterials e.g. the Novel food regulation (EU) 2015/2283 [10], the Plastic food
contact materials regulation (EU) 10/2011 [11], the Food Information to Consumers Regulation (EU)
1169/2011 [12], the Food Additives Regulation (EC) 1333/2008 [13] etc. The REACH regulation, for
the registration, evaluation, authorisation and restriction of all chemicals (REACH (EC) 1907/2006)
[14] while not directly related to food/feed also considers nanomaterials. In 2018 changes to the
REACH regulation were enforced by the EC to address nanoforms of substances, the changes came into
effect in January 2020. However, the regulation has been met by legal appeals on compliance checks
and on substance evaluation decisions, many of which stem from a lack of guidance on the EU definition
of nanomaterials which was used to underpin the REACH regulation. Furthermore a number of EU
Member States have undertaken independent substance evaluation reviews on nanomaterials, for
example Titanium Dioxide (171) - 2015/19 (France) [15-16], which has called into question the validity
of the EU risk assessment process that underpins the legislation. A key question therefore is how risk
assessors and competent authorities can maintain pace with the changing analytical requirements of new
and evolving legislation which demands increasing levels of complex analysis.
The work reported in this paper is part of a larger study examining Ireland’s capacity to meet
these challenges and to assess the implementation of recommendations made a decade ago by the Food
Safety Authority of Ireland (FSAI) [5]. In 2008, the FSAI carried out an assessment of the potential risks
associated with nanotechnologies in the food and feed industries of Ireland [5]. The assessment outcome
raised concerns over the safety of nanomaterials and the lack of regulatory controls at the time. It also
strongly recommended the need for a coordinated approach to the allocation of funding across
Government Departments and Agencies, to support the national nano-infrastructure with an emphasis
on method development for the regulatory control of nanomaterials. This paper explores national
research funding from Exchequer/public funding from 2008 to 2018. It attempts to assess if the
recommendation of a financial commitment to build human capacity and the infrastructure necessary
for risk assessors to maintain strong regulatory enforcement of nanomaterials in the argi-food sector has
been delivered upon. A key focus will be to identify the percentage of total funding support made
available for ‘nano’ research and the subsequent percentage capable of supporting the infrastructure
necessary for nano-risk assessment method development.
2. Methodology
Data collection consisted of three processes: review of Exchequer policy documents and reports, direct
communication with relevant Government Departments and an in-depth review of the Exchequer
funding databases to determine how much money was allocated towards research projects, equipment
and associated facilities, training, and other related activities.
The initial collection of data focused on obtaining information from policy documents, and
reports produced by Government Departments and Agencies. This information, was freely available on
Government websites. Relevant documents and reports were selected for comprehensive review based
on a step wise approach to data mining involving keywords searches and cross referencing [17]. Table
1 gives a representative list of keywords used. A total of 28 words were used and to reduce this down
cross referencing was used. This facilitated the identification of the key documents for in-depth review
and the qualitative analysis of documents pertaining to Exchequer investment in nano-specific projects
capable of supporting regulatory enforcement.
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Table 1 Representative list examples of keywords used for data mining.
Food packaging
Nanotechnology
Nanoscale
Food/foodstuff
Nanodevice
Nanoscale
properties/phenomena
Nano-scale
measurement
techniques

Manufacture
d nano
Nanoencapsulation

Nanospecific
method
Food production

Nano
manipulation
Engineered
material

Size
determination
Food contact
material

As a follow up to the aforementioned review, direct interviews with individuals with
responsibility for administering funding/supporting policy and regulation were carried out, as well as a
preliminary/ongoing survey of academics. The interviews focused on discussions around funding calls
in the period 2008-2018. These individuals provided additional qualitative and/or quantitative
information, to date more than 50 Principle Investigators from academia have responded to the survey
and several interviews have been carried out. The data, to date, from both the survey and interviews
have been encoded and statistical analysis was performed using Microsoft Excel [18].
Finally Exchequer funding which was allocated towards research projects, equipment,
facilities, training, etc. was assessed using the relevant funding agencies databases for the period 20082018. This provided elements and snapshots of the outcomes of the funded projects, including research
infrastructure acquired and other relevant activities. The process involved identifying who or where
(Academia Institution/State Body) received Exchequer funding in the period 2008-2018. It also
identified the purpose of the funding, (e.g. equipment, facilities, research infrastructure/grants, training
etc.). The data was analysed and categorised to identify which elements of the funding was specifically
directed towards establishing research infrastructure that could underpin the regulatory process. It was
further subdivided into funding which was directed towards the agri-food sector with a ‘nano’ related
theme. Much of the data was supported and cross-referenced with accessible evaluation reports from
Department/Agency level which was publically available on Government/Agency websites these
included annual accounts, and/or annual output statements.
3. Results
A review of Ireland’s Gross Expenditure on Research and Development (GERD) indicates that approx.
€29 billion was directed towards research and development (R&D) over the period 2008-2017 [19]. The
main source of funding was from business enterprises accounting for almost 50%, while direct
Government funding contributed approximately 30%. International sources e.g. the European
Commission, and private not for profit organisations contributed 22% of the total funding. Direct
Government R&D Funding (30%) as measured by the ‘Government Budget Allocations for R&D’
(GBARD) can be prioritised by Government Departments and Agencies for the purpose of R&D to build
capacity and infrastructure of importance. This public or Exchequer funding is normally made available
through research funding bodies from open research calls aligned to national priorities [20]. For the
period 2008-2017 more than €8.7 billion was made available for such research funding through this
mechanism. Examples of Agencies and departments with responsibility for the distribution of these
funds is shown in figure 1 and represents the main public research funding Agencies in Ireland.
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Figure 1: Exchequer Investment 2008-2018, % breakdown Government Department/Agency.
Enterprise Ireland (EI) and the Industrial Development Authority (IDA) are State Agencies
who are responsible for supporting Irish businesses with strong R&D programmes underpinning their
activities, helping them at start up, to expand and to enter global markets. Significantly these Agencies
can provide Exchequer funding to support infrastructural development through collaboration between
industry and research institutions. As shown in figure 1 these Agencies constitute almost 49% of
Exchequer research funding. The remaining 51% of Exchequer funding committed to building Ireland’s
research infrastructure and resource capacity within the ‘public/State’ sector is distributed through
Science Foundation Ireland (SFI), the Department of Agriculture Food and Marine (DAFM), the
Department of Education and the Higher Education Authority (HEA) as detailed in figure 1. This
investment is dedicated to funding R&D in Higher Education Institutes (HEI’s) providing facilities,
equipment, resources and services, and to maintaining research centres. SFI, the largest Exchequer
funding Agency aims to promote study and engagement in the areas of science, technology engineering
and maths (STEM). Exchequer funding directed towards SFI activities from 2008-2018 amounted to
€4.2 billion. A review of the breakdown of funding over that period shows that approx. €95 million
(2.2%) of the total SFI funding was referenced as ‘Nanoscience/Nanotechnology’ – comprising:
approximately 90% Information Communication Technologies (ICT) and 10% biotech, medical, and
pharmaceutical. The data as shown in figure 1 indicates that SFI was the leading funder of
nanotechnology led research in the State for the period under review. In contrast, food based research
and infrastructural supports for the agrifood research sector are predominantly funded by the Department
of Agriculture Food and the Marine (DAFM), which accounts for approximately 5% of the total
Exchequer research funding. It should be noted that the other Agencies do fund overlapping disciplines
and support transferable infrastructure, however it is not their primary focus. Research funding from
Exchequer sources in areas related to agricultural science is significantly lower than for any other fields
of science. Data from the Central Statistics Office (CSO) indicates that the consistently low level of
funding for this research area is approx. €20 million/pa, or 3% of total research funding since 2006 [21].
This in itself is surprising since the agri-food sector in Ireland generates an average of 7% of the
country’s gross value added per annum.
A review of an Irish institutional repository of research activities (rian.ie) was carried out to
obtain information relating to research activities that were specifically referenced as ‘nano’. The search
period criteria extended from 2008- 2018. Figure 2 represents the main research activity focus, relative
to search terms for ‘nano’ related activity. The figure illustrates a broad overview of ‘nano’ research
activities across all institutions which clearly indicates that nano-agriculture/food, risk and
characterisation/instrumentation comprises only approximately 10% of all ‘nano’ related research in the
Higher Education Sector.
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Figure 2. Research activities specifically referenced as ‘nano’ by research focus.
A breakdown of institute activities based on repository data also reflects the trend in figure 2
as displayed in figure 3. Figure 3 clearly indicates a significant deficiency of ‘nanofood/risk based
research’ that could potentially support method development for legislative purposes and/or deliver the
infrastructure to underpin enforcement in the nano-food area. This is unsurprising since all but one of
the listed organisations are Higher Education Institutions (HEI’s) with broad remits of research and
minimum engagement with competent authorities for State risk assessment. Outside of HEI’s the
Agriculture and Food Development Authority in Ireland (legally referred to as Teagasc) is the leading
performer of R&D in the agrifood sector. Teagasc is a Government sector body providing integrated
research, advisory and training services to the agriculture and food industry and rural communities in
Ireland and is primarily funded by the Department of Agriculture Food and the Marine (DAFM). As a
result it has great potential to support the infrastructural and expertise needs of State laboratories and
Agencies engaged in regulatory enforcement of nano-food. It should also be noted however, that there
is significant overlap in skillsets between the categories listed in the legend of figure 3, and so the
potential for knowledge transfer from academia to national risk assessors is also present.

Figure 3. Nano Research activities: Research Institute and research focus by discipline.
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To further investigate the potential for knowledge transfer from academia a preliminary survey
of academics from different HEI’s was carried out and is ongoing. The preliminary survey to date has
engaged with more than 50 respondents. While most respondents indicated that they believed they had
the technology available to measure nanoparticles in the institute’s laboratory environment, only 25%
of those surveyed believed that they had the analytical infrastructure available to ‘fully characterise
applications of nanotechnology in the agri-food sector’. Additionally only 38% of respondents believed
that the infrastructure was available nationally. An interesting point which was highlighted during
interview discussions, was the academic’s opinion that “the skillset is there (in academia) from a general
point of view of characterizing nanomaterials, but in terms of using the skills, in the context of food,
and nanofood there may be a need for up-skilling’. Indeed this notion seems to agree with the data
presented in figure 3, which does indicate that the basic skill set is available nationally, but is not nanofood or nano-risk specific. Furthermore the preliminary data indicates that nanofood risk assessment is
not a priority for academic based researchers.
In contrast 77% of interviewees from national risk assessment Agencies indicated that
developing a national nanotechnology testing capability is a priority, or that it will be within the next
five years. Worryingly 92% of these respondents are not confident that they have the available resources
i.e analytical capacity/skilled personnel to support nanotechnology testing procedures, nor are they
confident that the existing legislation/regulatory framework is sufficiently evolved to support potential
nanotechnology testing plans. It should be noted however that the data is preliminary and is from a
small sample size estimated to be about 25% of those engaged at a senior level in nano-food risk
assessment.
4. Discussion
The safe implementation and incorporation of nanotechnologies into consumer goods raises a number
of concerns due to knowledge gaps with respect to human and environmental exposure risks associated
with nanoparticles [2, 5-7]. This knowledge deficit is a particular concern in the food sector where a
number of factors such as the lack of clarity in the legislative terminology of ‘Nano’, the natural
evolution of traditional food processing techniques and the potential of nanotechnology to enable novel
food technologies have combined, to significantly increase the potential for public exposure to
nanomaterials. A key question surrounding these issues is ‘how can the regulatory community begin to
address the knowledge gaps in the risk assessment of novel nano-food products to help enforce new
nano-specific legislation’? In 2008, the Food Safety Authority of Ireland (FSAI) carried out an
assessment of the potential risks associated with nanotechnologies in the food and feed industries of
Ireland [5]. Around the same time EFSA also issued an opinion on the safety of nanomaterials [6].
Indeed over the years many national and international reports have reinforced the need for research to
identify the potential risks of engineered nanomaterials to human health and the environment, as well as
calling for the development of new test methods to unambiguously characterise and elucidate the risks
posed by nanomaterial inclusion in food products [2, 3, 5-7]. Some common thematic recommendations
drawn from these reports include the need for:
 Greater communication and co-ordination within and between the various risk assessor
organisations and greater collaboration with the wider scientific community.
 The development of a centralised, maintained, searchable repository of information on
nanoparticles and test methodologies.
 Urgent and detailed consideration of the instruments needed to address concerns and
challenges assessing the health and environmental safety concerns of manufactured
nanomaterials.
 Information and advice on handling/using nanoparticles,- sample preparation for human and
eco-toxicology testing; dose measurement and metrology.
 The need for research funding prioritisation to develop nano-risk assessment methodologies
and to help underpin the regulatory process.
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The main focus of this paper is the latter recommendation in the context of Ireland’s agri-food
sector and Exchequer/public research funding allocation in the period 2008-2018. The FSAI report was
published more than a decade ago, during which time more than €29 billion was directed towards
research and development in Ireland [19] of which almost one third was from direct Exchequer funding
sources. In the same period Irish agri-food sector exports have increased by 73% from €7.8 billion in
2009 to €13.7 billion in 2018 [22]. Indeed the agri-food sector is Ireland’s most important indigenous
industry playing a vital role in Ireland’s economy. In terms of exports the agrifood sector is second only
to the pharmaceutical sector and is constantly placed ahead of other manufacturing sectors such as the
ICT sector. As indicated in the results, research funding from Exchequer finances in areas related to
agricultural science is significantly lower than for any other field of science. Figure 4 presents a typical
breakdown of research activity by field of science in Ireland, which further reinforces the notion of a
reduced research capacity in the agricultural sciences field with only 3% of the toal activity.

Figure 4. Breakdown of research activity by field of science (2016 Headcount figures).
The consistently low level of funding for this research area i.e. approx. €20 million/pa,
undoubtedly reduces the dedicated infrastructural capacity and support expertise available to regulatory
bodies and national risk assessors for emerging areas of concern such as nanotechnology. Much of the
shortfall in funding for applied research in the agrifood sector is made up by corporate or business sector
funding which often comes from corporations self-funding research, or engagement in collaborative
‘matched’ funding schemes with public sector bodies such as Teagasc the Agriculture and Food
Development Authority. The Irish Government have invested €86.5Million in such schemes through the
Knowledge Transfer Ireland (KTI) initiative which supports industry-academia research collaborations
[23]. Nevertheless, the focus of such programmes is often on the aims and objectives of the industry
partner as opposed to any national risk assessment agenda. Significantly such schemes do provide an
avenue for the development of important research expertise and trained personnel, which could play a
role in supporting the development of new methods for risk assessment.
The nanospecific infrastructure capacity in Ireland has largely been established in the
University sector, through Exchequer funding. The predominant nano-research areas funded nationally
include nanomaterials and characterisation, devices and technology. This reflects much of Ireland’s
multinational landscape, with large ICT, medical device and pharmaceutical corporations based on the
island. This has therefore evolved a competent academic community of researchers and infrastructure,
suggesting that the skillset is available to help national risk assessors who are engaged in the
enforcement of nano-specific legislation. It is acknowledged that some degree of up skilling would be
required to adjust the expertise to meet the needs of the nano-agrifood sector. A significant disadvantage
however with respect to the infrastructure, is the need for accredited laboratories facilities. Many of the
academic laboratories funded by the Exchequer are research laboratories or centres and are not
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accredited facilities. This was reflected in interview and survey responses, in which regulators
acknowledge that the capacity is probably there, but not in an accredited laboratory for that specific
purpose and so there is a reluctance to collaborate with academia’. It is therefore evident from the results
of the funding assessment that the infrastructural needs and expertise required to enforce nanosafety
legislation in consumer food is present on the island and that the national funding strategy over the last
decade has created the required infrastructure. However issues of accessibility to the risk assessment
community and the need for accredited facilities remain. It is imperative moving forward that greater
communication and co-ordination is developed between the various risk assessment organisations and
the wider scientific community, in order to take advantage of the infrastructure and expertise that have
been put in place by a decade of research funding.
At EU level a similar approach is been taken with respect to a strategic approach to the
assessment of emerging contaminants of concern in the ‘Horizon Europe Partnership for the Assessment
of Risk from Chemicals (PARC)’. PARC is an EU-wide research and innovation programme to support
EU and national chemical risk assessment and risk management bodies with new data, knowledge,
methods, networks and skills to address current, emerging and novel chemical safety challenges, one of
which is nanomaterials [24]. Implicit in the concept of PARC is the open and direct communication by
all stakeholders from academia through to the competent risk assessment bodies at national and
subsequently at EU level. If Ireland seeks to engage in such a programme it is imperative that the next
stage of its nano-risk assessment strategy in the agrifood sector and/or other areas focuses on developing
a national forum for risk assessment, to align agendas and to facilitate knowledge transfer and
engagement between all risk assessment stakeholders.
5. Conclusion
This paper presents an overview of the Irish research funding landscape and how it was utilised to help
develop national capacity and infrastructure to underpin nano-risk assessment in response to
recommendations from the Food Safety Authority of Ireland and other international reports. It is clear
that the recommendations were not central to the decision making processes for national funding calls
with the agrifood sector accounting for only 4% of the reach activity ascribed to Exchequer funding.
Nevertheless funding to the wider nanotechnology area has developed a significant level of expertise
and infrastructure capable of upskilling and adaption to help service the agrifood sector and underpin
nano-risk assessment activities on the island of Ireland. Future considerations on engagement of the
wider nanotechnology community via open communication channels now needs to be addressed to take
advantage of the investment.
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